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Abstract 
Introduction: For optimal dental implant esthetics the transition of a circumferential 
implant platform to a proper cervical anatomy has been emphasized. This transition is 
facilitated by the macro-design of the transmucosal portion of the abutment-restoration 
complex at the provisional and final stages of implant prosthetic therapy. There is limited 
information from human studies assessing the impact of abutment macro-design on peri-
implant tissue dimensional changes. Therefore, the aim of this study was to evaluate 
prospectively the effect of abutment macro-design on peri-implant tissue dimensional 
changes. Methods: This is an ongoing randomized control clinical trial in which twenty-
eight (28) patients with a missing maxillary premolar, have been treated with single implant 
supported crowns. Implant placement and abutment design were planned with a software 
for guided implant treatment.  Implants were placed 1 mm subcrestally with the aid of a 
surgical guide, and permanent CAD-CAM fabricated abutments with different 




crowns delivered. Patients of the convex group had abutments with convex emergence 
shape and patients of the concave group had permanent abutments with concave emergence 
shape. All implants were restored at 3 months following implant placement and followed 
for 12 and 36 months. Clinical and radiographic data was collected at the time of the 
surgery, at 2 ,3,12, and 36 months. This is a report at the completion of the restorative 
phase of the treatment (3 months). The primary outcome variable was change of buccal 
peri-implant margin position. Results: One patient from the convex group (n=13) dropped 
out of the study and in one patient from the concave group (n=13) the implant failed to 
integrate. The change on the buccal peri-implant mucosa margin from the time of implant 
placement to 3 months was -0.76  0.59 mm for the convex group and -0.50 1.0 mm for 
the concave group (p>0.05). 68% of implants in the convex group and 76% of implants in 
the concave group had  1mm buccal mucosal recession. Radiographically change on 
subcrestal implant position was -0.41  0.36 mm for the convex group and -0.24  0.26 
mm for the concave group (p>0.05). Direct logistic regression analysis showed that 
reduced buccal plate thickness influenced the likelihood for 1mm recession with an odds 
ratio of 0.20. Conclusions: The study failed to support the hypothesis that abutment 
macrodesign can influence early (3 month) peri-implant mucosa changes. Buccal plate 
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Chapter 1: Introduction 
1.1. Crestal bone loss around dental implants 
Experimental studies performed in the 1950s and 1960s by Professor Brånemark on the 
microcirculation of bony tissue led to the accidental finding that the titanium component 
of the experimental device had become affixed to the tibia and fibula bones of many of the 
rabbits in the sample. On the basis of this finding, Brånemark decided to implement this 
concept in the field of dentistry by giving patients titanium dental implants to replace 
missing teeth. 
During this period, in terms of dental implants, the focus was on achieving 
osseointegration: that is, the goal was to obtain a “direct structural and functional 
connection between ordered, living bone and the surface of a load-carrying implant.”1,2 
However, crestal bone loss was very common with Brånemark implants. In fact, it was 
considered a normal, even an inevitable, physiological process. For instance, Brånemark’s 
criteria for success3 allowed 1.50 mm of bone loss to take place around the implant during 
the year immediately after the surgery followed by a bone loss of up to 0.10 mm annually 
thereafter.3 Albrektsson’s criteria for success was considerably less liberal,4 however, such 
that an annual vertical bone loss of 0.20 mm following the first year of service was 
considered acceptable.4 
Clearly, in the early eras of dental implants, marginal bone loss was considered to be both 




implants than in the past, which is attributable to the development and implementation of 
better surgical techniques; greater control of systemic, local, and patient factors; and 
improved implant design. These factors are discussed in more detail in the following 
sections. 
1.2. Surgical factors affecting marginal bone level 
Surgical factors are of paramount importance initially in relation to preserving the marginal 
bone level. In particular, marginal bone loss can be anticipated if the implant is not placed 
in the correct position with respect to the inter-implant, the tooth–implant distance, and the 
depth to which the implant is placed. 
Other factors mentioned in the literature that may also affect the marginal bone level 
include an implant placement performed with either a submerged or a non-submerged 
approach, various implant-loading protocols, and an implant placement at a grafted site. 
1.2.1. Effect of submerging the implant on marginal bone level 
Submerged implants are defined as implants that are allowed to heal under the 
mucoperiosteal flap by way of connecting a cover screw to it. Once osseointegration is 
achieved those implants will need to be exposed via a second-stage surgery whereby the 
cover screw is replaced with a healing abutment.  
Non-submerged implants are defined as implants that received a healing abutment initially, 




surgery to expose the implant at a later date is eliminated. Non-submerged implants are 
more convenient for the patient, result in less morbidity, and reduce the overall time from 
implant placement to final restoration. However, the two-stage approach that submerged 
implants entail does have an important advantage over the non-submerged implant method. 
That is, in the two-stage approach, soft tissue correction can be carried out at the time of 
the second surgery. Further, in a recent systematic review and meta-analysis, Thoma et al. 
showed that implants subjected to a soft tissue–augmentation procedure showed a greater 
improvement in terms of bleeding indices and less marginal bone loss than did implants 
not subjected to a procedure of this nature.5  
However, whether an implant is placed following a submerged or a non-submerged 
approach does not seem to make a clinically significant difference in regard to either 
marginal bone loss or failure rate. In a recent review and meta-analysis, Troiano et al. 
showed that implants placed according to the non-submerged approach had only a 2% 
higher early failure rate than did implants placed according to the submerged approach. 
Also, marginal bone loss was slightly less in implants placed with a submerged approach 
with only a 0.13-mm difference although it should be noted that this difference is based on 
limited evidence.6 In another systematic review, Al Amri et al. showed that in most human 






1.2.2. Load timing effect on marginal bone level 
A number of distinct protocols for load timing have been proposed in the past. The initial 
load-timing protocol developed by Brånemark was three months of healing for mandibular 
implants and six months for maxillary implants.3 That loading time was proposed to 
minimize the chances of micromotion for an implant during the process whereby it would 
become osseointegrated with the bone.  
Since Brånemark, the loading-time protocol has changed multiple times, with the most 
recent one published in the 2014 International team for implantology (ITI) consensus 
statement. Conventional loading refers to loading that occurs two months after implant 
placement. Early loading refers to loading that occurs between week 1 and week 2 after 
implant placement. Immediate loading refers to loading that occurs within 1 week of 
implant placement.8 
The effect of immediate implant placement on marginal bone loss has been considered in 
human and animal studies. For example, Pigozzo et al. published a systematic review with 
a meta-analysis to investigate the respective effects of early and immediate loading 
protocols on marginal bone loss and the survival rate of single implants. The authors 
compared the implant survival rate at the 1-year mark with the rate at the 3-year mark and 




1.2.3. Effects of placing implants in grafted sites on marginal bone level 
The process and effects of placing implants in grafted sites has been studied in animal and 
clinical studies. The concerns that arise when placing implants in grafted sites pertain to 
whether the survival rate decreases and whether to expect more marginal bone loss than is 
the case with implants placed in native bone.  
Overall, the evidence presented in the literature on this topic is limited. However, a few 
studies do address this area in some detail. In a retrospective study, Koutouzis et al. 
evaluated the marginal bone loss and survival rate of 30 implants placed in native bone 
versus 30 implants placed in Demineralized freeze-dried bone allografts (DFDBA) grafted 
sockets. The survival rate was 100% for both groups, and the average radiographic 
marginal bone loss was 0.13 mm in both groups at the 12-month follow-up.10 
In a recent systematic review, Mardas et al. evaluated the survival rate of and the marginal 
bone loss associated with implants placed in ridge-preserved sites and for implants placed 
in sockets that had not received a ridge-preserving bone graft. The two groups showed 
similar results in regard to both marginal bone loss and survival rate. However, the authors 
stated that further research is needed to evaluate the respective effects of different kinds of 




1.2.4. Marginal bone level changes in implants placed next to teeth/implants 
Marginal bone loss can be anticipated for an implant placed very close to other implants 
and/or to teeth. In fact, it is widely accepted that it is necessary to have a minimum of 3 
mm between adjacent implants and a minimum of 1.5 mm between teeth and implants.  
Tarnow et al. showed that implants placed with less than 3 mm of bone between them are 
associated with greater crestal bone loss than are implants placed with at least 3 mm of 
bone between them, with an average crestal bone loss of 1.04 and 0.45 mm, respectively.12 
However, the results of that study should be interpreted with caution, as it used machined 
implants with an external hex connection. 
However, in a recent prospective study, Koutouzis et al. investigated crestal bone loss in 
platform-switched implants with a conical connection placed at various inter-implant 
distances. The authors reported that no significant difference was found in crestal bone loss 
between implants placed with an average inter-implant distance of 1.97± 0.44 mm versus 
implants placed with an average inter-implant distance of 3.12 ± 0.15 mm.13 
Further, it has been shown that implants should be placed at least 1.5 mm away from teeth 





1.3. Effects of local/systemic factors on marginal bone level 
Patient-related factors can be divided into local and systemic factors, each of which can 
have a significant effect on implant survival and success rate, as well as on long-term 
results. Local and systemic factors can have an early impact on an implant by giving rise 
to osseointegration failure. However, sometimes these factors can cause some crestal bone 
loss that can predispose the patient to a higher risk of developing peri-implant mucositis or 
peri-implantitis, which are associated with a greater chance of implant failure in the long-
term. 
1.3.1. Oral hygiene 
In a systematic review, Heitz-Mayfield clearly identified poor oral hygiene as a major risk 
factors for developing peri-implant disease.16 In a 10-year prospective study, it was shown 
that smokers with poor oral hygiene have more marginal bone loss than do non-smokers 
with good oral hygiene.17 
Poor oral hygiene has been linked to peri-implant mucositis in a number of studies.18,19 For 
example, in Ferreira et al. the plaque score was measured in 212 patients diagnosed with 
peri-implant mucositis. The authors concluded that peri-implant mucositis has a dose-





Smoking has been identified as a major risk factor in periodontitis patients. Eke et al. 
studied the risk indicators for periodontitis in U.S. adults. Drawn from the National Health 
and Nutrition Examination Survey (2009–2012), the data in that study showed that smokers 
have a 50% greater likelihood of having periodontitis than non-smokers. The authors 
concluded that cigarette smoking has the most detrimental effect on the severity of 
periodontitis.20 
The effect of smoking on peri-implant health and as a risk factor for peri-implant mucositis 
has been addressed in many studies.21,22 In a retrospective study, Al Amir et al. evaluated 
crestal bone loss and soft tissue inflammation in 61 patients who had received dental 
implants, of whom 33 were smokers. The results of that study showed a statistically 
significant increase in soft tissue inflammation and crestal bone loss in smokers as 
compared to non-smokers.23 
1.3.3. Diabetes 
Diabetes was considered as a risk factor for peri-implant mucositis in a few studies.18,24 
Ferreira et al. evaluated factors associated with peri-implant disease in 212 Brazilian 
patients and found diabetes to be associated with 58.62% cases of peri-implant mucositis 
and 24.13% of peri-implantitis. The authors concluded that subjects with diabetes are more 




not have diabetes. It should be noted, however, that the adjusted OR for peri-implant 
mucositis was not associated with diabetes.18 
The data on the effects of diabetes on marginal bone loss are limited. However, in a seven-
year prospective study, Al Zahrani et al. investigated peri-implant bone loss around 
submerged and non-submerged implants in diabetic and non-diabetic patients. The study 
sample comprised 70 patients, half of whom had been diagnosed with type 2 diabetes. A 
total of 118 implants were placed and followed up at 1, 2, 3, and 7 years. All the diabetic 
patients showed more marginal bone loss at each follow-up than did the non-diabetic 
patients.25 However, further research is needed to evaluate the effect of diabetes on 
marginal bone level.  
In the 2017 World Workshop on Peri-Implantitis, it was determined that the evidence for 
diabetes as a risk factor for developing peri-implantitis is inconclusive.26 
1.3.4. History of periodontitis 
Several studies show a significant association between a history of periodontitis and peri-
implantitis. In a 10-year prospective cohort study, Karoussis et al. investigated the implant 
survival rate, success rate, and incidence of peri-implantitis in patients with and without a 
history of periodontitis. A total of 112 ITI implants were placed in 53 patients. At the 10-
year follow-up mark, the survival rate, success rate, and incidence of peri-implantitis in 
patients without a history of periodontitis were 96.5, 79.1, and 5.8%, respectively. 




a history of periodontitis were 90.5, 52.4, and 28.6%, respectively. The authors identified 
a history of periodontitis as strongly associated with a higher incidence of developing peri-
implantitis.27 Other cross-sectional and cohort studies show a high association between 
developing peri-implantitis and a history of periodontitis with an odds ratio (patient level) 
ranging from between 3.1 and 9.2.18,28-31 However, other studies do not show an association 
between a history of periodontitis and peri-implantitis.32-34  
The current disagreement in the literature over the association between peri-implantitis and 
a history of periodontitis can be attributed to the lack of consensus on the definition of and 
criteria for peri-implantitis. For instance, Koldsland et al. showed that the prevalence of 
peri-implantitis in 164 patients could be determined as ranging between  11.3 and 47% 
depending on the threshold used to define peri-implantitis.35 This considerable difference 
in the prevalence of peri-implantitis can explain why in most studies authors reported a 
strong association between peri-implantitis and a history of periodontitis18,28-31 whereas 
other studies did not show any association.32-34  
According to the 2017 World Workshop on the Classification of Periodontal and Peri-
Implant Diseases and Conditions, there is strong evidence that a history of chronic 





1.4. Implant–abutment connection 
Implant–abutment connections have evolved since the first external hex implant (butt-
joint) was introduced by Brånemark. Since that time, other implant designs have been 
introduced to the market with a variety of implant–abutment connections such as the 
internal connection without platform switching, the internal connection with platform 
switching, and no interface (tissue-level) implants. 
Brånemark’s external hex implants usually had a 1.5 mm of crestal bone loss during the 
first year of restoration, which was considered successful when they were first developed.4 
This standard 1.5-mm bone loss, however, was not observed in implants developed later 
on with a different implant–abutment connection. In a recent systematic review, Sasada et 
al. showed that platform-switched implants with an internal connection and tissue-level 
implants had significantly less marginal bone loss in comparison with implants with an 
external hex (butt-joint) connection.36 
The standard 1.5-mm bone loss observed in external hex implants accrues when the 
abutment is connected to the implant platform whether in a submerged or a non-submerged 
approach.37 A micro-gap forms at the implant–abutment interface in an external hex 
implant, and it has been documented in the literature that this micro-gap can become 
contaminated with bacteria.38,39 
It has been hypothesized that crestal bone loss is a result of microbial contamination38-40 




gives rise to crestal bone loss.37,41,42 It has been shown that crestal bone loss in external hex 
implants occurs because of movements at the implant–abutment interface, and is not related 
to the size of the micro-gap.41,42 This result has also been confirmed in a recent review by 
Liu et al. who stated that the “micro-gap is the fundamental cause of microleakage, and 
micromotion is the key factor for micro-leakage.”43 
A number of studies have shown that implants with an internal connection still have a 
micro-gap and that microbial contamination still occurs in such implants.39,44 However, 
from the previously cited studies,41-43 It seems that stability and decreased micromotion at 
the implant–abutment interface are more important than the size of the micro-gap in 
decreasing the microleakage. 
Implants with an internal connection with a Morse-like taper connection have a more stable 
implant–abutment connection. This may be why these implants are associated with less 
crestal bone loss than are external hex implants. 
1.4.1. Platform-switching effect on crestal bone loss 
Platform switching refers to the practice of placing abutments with a smaller diameter than 
the diameter of the implant, thereby creating a mismatch in diameter between the implant 
and the healing or restorative abutment. 
The concept of platform switching was introduced to the dental field in 1991 when the 
BIOMET 3i company manufactured 5.0- and 6.0-mm diameter implants without 




healing abutment and restorative component were used with these wide-diameter implants. 
Lazzara et al. published a report in which cases with long-term radiographic follow-up of 
platform-switched implants showed minimal to no crestal bone loss in comparison with the 
1.5–2.0-mm bone loss previously reported4 with external hex implants.45 
Cochran et al. evaluated crestal bone loss in 12 platform-switched implants with an internal 
connection placed in five dogs. The results show that the submerged platform-switched 
implants had a mean crestal bone loss of 0.34 and the non-submerged implants had a mean 
crestal bone loss of 0.38 mm. The authors concluded that platform-switched implants had 
significantly less crestal bone loss (5–6 fold) than that reported for implants with a butt-
joint connection.46 
Fickl et al. showed that the mean marginal bone loss after 1 year of function around 
platform-switched implants was 0.39 ± 0.07 mm and around non-platform-switched 
implants was 1.00 ± 0.22 mm.47 In a systematic review and meta-analysis, Strietzel et al. 
showed that platform-switched implants have significantly less marginal bone loss than do 
non-platform-switched implants, with a marginal bone level change of (0.49 mm [CI95% 
0.38; 0.60]) for the platform-switched implants versus a marginal bone level change of 
(1.01 mm [CI95% 0.62; 1.40] (P < 0.0001) for the platform-matched implants.48 Many 
systematic reviews and meta-analyses have been performed with the goal of comparing 
marginal bone loss in platform-switched implants versus non-platform-switched implants, 















regard to less 







Yes MD-PS.PM: -0.41mm, 95% CI 
– (0.52 to -0.29), P < 0.00001 
Yes Significant 
reduction in crestal 
bone loss for PS 
implants compared 







Yes MD-PS.PM:  -0.29 mm, 95% 
CI -0.38 to -0.19;  
P < 0.00001 
Yes Significantly less 
MBL with an 
increase in the 
follow-up time and 
with an increase of 
the platform 
mismatch at IAI 
Strietzel et 
al. (2015)48 
22 studies Yes MBL change for PS (0.49 mm 
[CI95% 0.38; 0.60]) vs. MBL 
change for PM implants (1.01 
mm [CI95% 0.62; 1.40] (P < 
0.0001) 









Yes MD-PS.PM: −0.34 mm; 95% 
CI: (−0.37 to −0.30; P < 
0.00001) 
Yes PS decreased 
amount of 




9 studies N/A N/A Yes 7 out of 9 studies 









Yes At patient level: 
MD-PS.PM: −0.55 mm, 
95%CI (−0.86 to −0.24), p = 
0.0006 
Yes PS decreased 
amount of 
marginal bone 
loss, and increased 
platform mismatch 
at IAI leads to less 
MBL 





Yes MD-PS.PM: −0.37 mm; 95% 
CI: (−0.55 to −0.20); P < 
0.0001 
Yes Platform switching 
of ≥ 0.4 mm 
associated with a 
more favorable 
bone response 
MD-PS.PM: mean difference in marginal bone loss between platform-switched and non-platform-switched 
implants; CI: confidence interval; PS: Platform switching; non-PS: non-platform switching; MBL: marginal bone 




1.5. “One-abutment one-time” concept 
The one-abutment one-time concept refers to implants that received the final definitive 
abutment at the time of the implant placement. For these implants, the abutment is not 
disconnected later for implant impression or implant restoration delivery. Therefore, the 
peri-implant mucosal seal at the implant–abutment interface is maintained. 
Repeated abutment change has been reported in the literature to affect marginal bone level. 
Animal studies have shown that the practice of repeatedly connecting and disconnecting 
the abutment affects the mucosal soft tissue seal at the implant abutment seal and leads to 
crestal bone loss.55,56 Abrahamsson et al. evaluated the effect of repeated abutment 
disconnection and reconnection on crestal bone loss around external hex implants (butt-
joint) in five beagle dogs. Abutments in the test group were disconnected and reconnected 
five times during a six-month period. Crestal bone loss was 0.49 ± 0.19 mm and 0.78 ± 
0.17 mm in the test group and the control group, respectively. The authors concluded that 
significant crestal bone loss is associated with repeated abutment disconnection and 
reconnection.55 In another animal study, Rodriguez et al. evaluated the effect of the number 
of abutment disconnections and reconnections on crestal bone loss around implants with 
platform switching in five dogs. The authors concluded that increasing the number of 
abutment disconnections and reconnections significantly increases crestal bone loss.56 
Also, clinical studies have shown that the one-abutment one-time concept has favorable 




less marginal bone loss in platform-switched implants that received definitive abutments 
at the time of the implant surgery compared with implants for which this was not the case. 
The crestal bone loss in those studies ranged from between 0.07 mm57 and 0.71 mm58 and 
from between 0.09 mm59 and 0.75 mm58 for implants in the One-time abutment placement 
(one-TA) group and the Multiple time abutment placement (Multiple-TA) group, 
respectively (Table 1.2). 
Table 1.2. Clinical Studies on the Effect of Multiple Abutment Disconnection and 
Reconnection on Crestal Bone Loss. 
















RCT PS Unclear 0.55 ± 0.09 0.34 ± 0.07 Immediate 
Degidi et al. 
(2011)61 
CT PS 4 0.15 ± 0.28 0.07 ± 0.27 Delayed 
Grandi et al. 
(2012)62 
RCT PS 4 0.43 ± 0.02 0.09 ± 0.02 Delayed 
Koutouzis et 
al. (2013)63 
RCT PS 2 0.28 ± 0.16 0.13 ± 0.20 Delayed 
Grandi et al. 
(2014)64 
RCT PS 3 0.58 ± 0.11 0.11 ± 0.06 Immediate 
Degidi et al. 
(2014)58 
RCT PS 4 0.75 ± 0.11 0.71 ± 0.1 Immediate 
Luongo et al. 
(2015)59 
RCT PS 3 0.09 ± 0.2 0.08 ± 0.16 Immediate 
and 
delayed 
IAI: implant–abutment interface; PS: platform switch; MBL: marginal bone loss; One-TA: one-
time abutment placement; Multiple-TA: multiple time abutment placement; CT: Controlled Trials; 
RCT: Randomized controlled trial. 
The studies cited in Table 1.2 showed less marginal bone loss in implants restored with the 
definitive abutment at the time of the surgery. However, in these studies, prefabricated 




implant restoration can be challenging and sometimes not possible when stock abutments 
are used. Also the margins of prefabricated abutments are very deep, and in such cases the 
removal of excess cement can be very difficult.65 Sancho-Puchades et al. (2017) showed 
that the amount of excess cement is directly proportional to the position of the crown 
abutment margin: the deeper the margin, the greater the amount of excess cement.66 Excess 
cement can become an issue later on, as it is already agreed on that undetected excess 
cement can lead to peri-implant mucositis and peri-implantitis. On this point, Wilson 
showed that excess cement is associated with 81% of peri-implantitis cases.67  
Koutouzis et al. published a systematic review and meta-analysis, including seven 
controlled clinical studies, to evaluate the effect of multiple abutment disconnection and 
reconnection on the peri-implant marginal bone level. The authors concluded that implants 
restored with the definitive abutment at the time of the implant placement have less 
marginal bone loss in comparison with implants in which the abutment is disconnected and 
reconnected multiple times.68 
Using a customized abutment instead of a prefabricated abutment will be very beneficial 
in regard to generating a better emergence profile and establishing a more coronal position 
for the abutment margin, thereby decreasing the chances of leaving undetected cement. 
However, in order to use a customized abutment with a one-abutment one-time approach, 
preoperative digital surgical and restorative planning is required. Using a software program 




possible to plan the correct 3D implant position and to plan the customized abutment to be 
used as a definitive abutment at the time of the surgery. 
Mucosal recession is unavoidable after implant placement and connecting healing 
abutment or restorative abutment, and many studies have shown that peri-implant mucosal 
recession ranges between 0.6 and 1.5 mm.69-74 Therefore, proper planning of the margin 
level of the customized abutment is crucial to avoid very deep margin or very coronal 
margins. That is very important because a very deep margin increases the risks of leaving 
excess cement66 and a very coronal margin might be an aesthetic concern for the patient.  
1.6. Abutment macro-design effect on peri-implant hard and soft tissue 
The abutment macro-design has been reported in the literature to affect bone level, soft 
tissue level, and excess cement removal.  
To study the effect of the emergence profile on the amount of undetected cement, Sancho-
Puchades et al. compared in vitro the amount of undetected excess cement in abutments 
with a concave design versus abutments with a convex design. The results of this study 
showed a statistically significant amount of excess cement in abutments with a concave 
design.66 
The effect of abutment design on peri-implant bone loss has been evaluated in multiple 
studies. For example, in Lopez et al. study 48 immediate implants were placed in six 
foxhound dogs. The dogs in the test group were given implants with an anatomic abutment, 




clinical and histological findings showed less peri-implant hard and soft tissue in the test 
group than in the control group. The authors concluded that anatomic abutments act as a 
protective device for hard and soft tissue.75 In another animal study, Finelle et al. performed 
a micro-CT analysis to evaluate the effects of different shapes of platform-switched healing 
abutment on marginal bone levels around implants placed in healed ridges. The study 
results showed that the configuration of the healing abutment significantly affected 
marginal bone remodeling such that more bone remodeling was observed in wider healing 
abutments.76 It seems that wider healing abutments are associated with less marginal bone 
loss in cases of immediate implants placement75 and more marginal bone loss in cases of 
delayed implant placement.76 This can be explained by noting that in cases of immediate 
implants a wider healing abutment provides protection to the soft tissue, thereby decreasing 
the amount of inflammatory infiltrate and the amount of crestal bone loss.77  
There is a lack of information in the literature about the effects of the different macro-
designs on peri-implant mucosal level. In a paper by Su et al. the implant abutment contour 
was divided into two zones: critical contour and subcritical contour. The critical contour 
was defined as the area of the implant abutment and crown located immediately apical to 
the peri-implant mucosal margin and measures around 1 mm in height. The subcritical 
contour was defined as the area of the implant abutment and crown located immediately 
apical to the critical contour. 78Anecdotally, it has been reported that changing the 
subcritical contour from concave to convex can push the gingival margin coronally.78 In a 
case series, Rompen et al. reported that 87% of implants with a converging abutment 




abutments showed recession of the peri-implant gingival level no greater than 0.5 mm. The 
gingival level remained stable at 12,18, and 24 months.79 However, the study was a case 
series and there were no control groups.   
The literature includes very few studies comparing the different configurations of 
abutments. In an RCT study by Patil et al. implants restored with abutments with a curved 
or straight configuration were compared in regard to marginal bone loss and soft tissue 
level. The results of this study, though, do not show a statistical difference between the two 
groups relating to marginal bone loss or to soft tissue level.80  
More randomized controlled trials (RCT) are needed to compare the effect of different 
abutment macro-designs utilizing the one-abutment one-time approach on peri-implant 
hard and soft tissue. For this reason, the purpose of the present study is to evaluate 





Chapter 2: Materials and Methods 
The protocol for the study was approved by the Institutional Review Board (IRB) of Nova 
Southeastern University and followed the tenets of the Declaration of Helsinki. Informed 
consent was obtained from the subjects after explanation of the nature and possible 
consequences of the study. 
2.1. Research Plan 
This trial was designed as a randomized controlled clinical study in which two groups of 
fourteen partially edentulous patients had as part of their treatment one implant placed in 
the maxillary premolar region. Implant placement and abutment design were planned with 
a computer software for guided implant treatment (SIMPLANT). The surgical implant 
placement was performed under manufacturer’s protocol by placing the implant platform 
1 mm below the buccal aspect of the osteotomy (Koutouzis et al 2013). Virtually designed, 
permanent computer-aided design and computer-aided manufacturing (CAD-CAM) 
fabricated abutments (ATLANTIS, DENTSPLY) with different configuration of the 
subcritical contour (emergence shape) were connected to the implants and temporary 
crowns were delivered.  
Implants of the Group 1 received permanent abutments with a concave configuration of the 
subcritical contour (emergence shape). Implants of the Group 2 received permanent 
abutments with a convex configuration of the subcritical contour (emergence shape). 




A randomization protocol was produced from a computer-generated list for the distribution 
of subjects in the two treatment groups. 
2.2. Abutment Design 
The abutments of both groups were designed with the aid of an implant treatment planning 
software (SIMPLANT), in conjunction with planning of the implant placement, and was 
produced by CAD-CAM technology (ATLANTIS, DENTSPLY) according to patient 
needs. For both groups the abutments were designed based on the individual topography 
of the recipient site in terms of soft tissues and relationships with adjacent teeth. The 
abutment margin (preparation line) was designed to be 1 mm below the desired peri-
implant mucosa margin. For patients of the Group 1 the abutments were designed with a 
concave configuration between the abutment margin and the Implant-Abutment Interface 
(IAI). For patients of the Group 2 the abutments were designed with a convex configuration 
between the abutment margin and the IAI.  
2.3. Inclusion and exclusion criteria 
General Inclusion criteria: 
• Age more than 21 years 
• Absence of relevant medical conditions 





General Exclusion criteria: 
• Pregnancy at the screening visit 
• Smoking more than 10 cig/day 
Specific Inclusion criteria: 
• One missing tooth in the maxillary premolar region 
• Presence of two adjacent teeth at the implant site 
• Absence of periodontal disease 
• Healed osseous architecture enough to receive an implant with a diameter of at 
least 3.5 mm and a sufficient amount of bone for placing implants with a length 
of at least 9 mm 
Specific Exclusion criteria: 
• Adjacent implants 
• Presence of periapical radiolucency at the adjacent teeth 
• Missing adjacent teeth 
2.4. Study procedures and visits 
Each subject was seen for a total of 5 appointments; Screening, implant placement, suture 
removal, final impression, and final crown delivery (Fig. 2.1 - 2.11). Data collection 
occurred between November/2015 – March/2018. All treatment was done in Periodontics 
clinic at Nova Southeastern University. All subjects had the implant placed at no cost and 




Visit 1 (screening): 
Screening of patients was performed to determine if patients were eligible to participate in 
the study. In the screening visit medical history was reviewed for each patient and if the 
patient fulfilled the general inclusion criteria a dental clinical exam was performed to 
ensure that patients had an edentulous space at the maxillary premolar region, with two 
adjacent teeth. For patients that fulfilled this criterion a full mouth periodontal exam was 
performed to confirm periodontal status and a periapical radiograph was taken to ensure 
adequate bone height for implant therapy and the absence of periapical pathology at 
adjacent teeth. Obtained informed consent from all eligible patients and the study 
procedures were explained to them. For eligible patients a polyvinyl siloxane material, a 
bite registration and a CBCT was taken for planning the placement of the dental implant, 
designing the abutment, fabricating the surgical guide, abutment and the provisional 
restoration.  
Visit 2 (Day 0): Mucosal thickness measurement, Implant placement, bone measurements, 
peri-implant bone measurements, 1st peri-implant soft tissue examination, 1st radiographic 
examination 
Implant treatment   
The surgical treatment was performed under local anaesthesia and according to 
manufacturer’s manual. Sulcular incisions were made at the teeth facing the edentulous 




A buccal full-thickness flap was reflected initially, while the lingual flap was not elevated 
to ensure direct visibility. Vertical soft tissue thickness was measured with a periodontal 
probe (PCP 15) to the nearest half mm (see mucosal thickness measurement). After the 
measurement the lingual flap was raised to completely expose the recipient site. The 
surgical guide (SIMPLANT SAFE GUIDE) was secured to the adjacent teeth (fig. 2.2) and 
the osteotomies were drilled according to the protocol of the manufacturer (ANKYLOS, 
DENTSPLY) Prior to implant installation, the thickness of buccal and lingual cortical 
plates was measured 1mm apical to the crest of the ridge (see intrasurgical bone 
measurements). The implant was installed with the implant platform 1 mm subcrestal from 
the buccal aspect of the osteotomy (Fig. 2.5). Following implant installation peri-implant 
bone measurements were performed (see peri-implant bone measurements).  
In case that following implant installation, there was a fenestration at the apical part of the 
implant; a bone replacement graft material covered by a resorbable barrier membrane was 
utilized to correct the defect. 
For patients of Group 1 an abutment with a concave configuration between the abutment 
margin and the IAI was connected to the implant and a laboratory fabricated temporary 
acrylic restoration was delivered. For patients of Group 2 an abutment with a convex 
configuration between the abutment margin and the IAI was connected to the implant and 
a laboratory fabricated temporary acrylic restoration was delivered (Fig. 2.6, 2.7). 
Lab made measurement stent was fabricated using a light cured resin material (Triad, 




obtain the peri-implant soft tissue measurements (see peri-implant soft tissue examination) 
(Fig. 2.13).  
Each patient took 500 mg amoxicillin three times daily from the day of the implant surgery 
for seven days. Each patient rinsed with Chlorhexidine 0.12% mouthwash twice a day for 
two weeks. 
Periapical radiographs were taken from each study site immediately after the implant 
placement surgery.  
Visit 3 (Day 7-10): Suture removal 
Patients returned after 7-10 days for examination of implant sites to assess the healing 
progress, to remove remaining sutures, and to reinforce oral hygiene instructions. This was 
done according to the standard clinical protocols.  
Visit 4 (Day 60 ± 20 days): 2nd peri-implant soft tissue examination, clinical photograph  
Peri-implant soft tissue examination was performed for each study site. Any exposed 
abutment margin was recorded. In case that the permanent abutment is functionally and 
aesthetically acceptable, an abutment level impression was taken in order to produce the 
final restoration. A CAD-CAM abutment (second ATLANTIS™ abutment) was fabricated 
with an identical submucosal anatomy and dimensions of the existing abutment but with a 
modified crown margin. This was done according to standard clinical protocols. Clinical 




Visit 5 (Day 90 ± 20 days): Crown delivery, 3rd peri-implant soft tissue examination, 2nd 
radiographic examination, clinical photograph  
Final restoration was delivered. Peri-implant soft tissue examination was performed for 
each study site. Periapical radiographs were taken from each study site. Clinical 
photographs were taken (Fig. 2.10). 
 





Figure 2.2. Tooth-supported SIMPLANT guide fitted on teeth. 
 











Figure 2.5. Subcrestal position of the implant. 
 





Figure 2.7. CAD-CAM provisional crown. 
 





Figure 2.9. Impression appointment. 
 





Figure 2.11. Bitewings radiographs at the time of implant placement (left) and at the 






Mucosal thickness measurements 
Following local anaesthesia, a buccal full-thickness flap was reflected initially, while the 
lingual flap was not elevated in order to ensure direct visibility. Vertical soft tissue 
thickness was measured with a periodontal probe (PCP 15) to the nearest half mm (Fig. 
2.12). 
 
Figure 2.12. Mucosal thickness measurements. 
Bone measurements 
Subsequent to osteotomy preparation, thickness of the buccal and lingual cortical plate was 
measured at a point 1 mm apical to the crest of the ridge. All measurements were performed 




Peri-implant bone measurements 
Subsequent to implant installation the distance from the implant platform to the most 
coronal part of the osteotomy was measured at four sites per implant (mesial, distal, buccal, 
lingual), with a PCP15 periodontal probe to the lowest half mm. 
Radiographic examination 
Radiographs were taken perpendicularly with a long-cone parallel technique to show the 
implant /abutment connections, and at least 2 mm on each side of the implant. Intra-oral 
radiographs were taken immediately after implant installation, and immediately after 
crown delivery. 
For each implant, the radiographs were evaluated regarding:  
(1) the degree of subcrestal positioning, as well as, (2) marginal bone height. 
Clinical photographs 
A clinical photograph was taken at 1:1 magnification perpendicular to the buccal surface 
of the implant using digital camera with macro lens and ring flash. A photograph was taken 
to include full representation of the adjacent premolar. 
Peri-implant soft tissue examination 
Clinical assessment of peri-implant tissue was performed including the following variables 
at four sites per implant (mesial, distal, buccal, lingual): 
- Probing depth (PD): the distance between the peri-implant margin and bottom of 




- Peri-implant mucosa margin position (MP): The distance between the peri-implant 
margin and the stent (fig. 2.13) 
- Bleeding on probing (BOP): presence/absence of bleeding within 15 sec following 
pocket probing 
- Presence or absence of visible plaque 
Width of keratinized mucosa was measured at the buccal aspect of each implant. 
Peri-implant soft tissue examination was performed 7-10 days following implant 
installation and immediately following crown delivery. 
 





The digital images were used to evaluate the papilla level according to Jemt Index (1997). 
The score was rated as follows: score 0 – no papilla present; score 1 – less than half of the 
papilla present; score 2 – half or more of the papilla present; and score 3 –complete fill of 
papilla. 
Modified Pink Esthetic Score (PES) 
The modified Peri-implant soft tissue index (PES) was used to evaluate the esthetics of the 
peri-implant tissues (Belser et al. 2009). The modified PES index was estimated based 
using the clinical photographs and includes the following variables: mesial papilla, distal 
papilla, curvature of the facial mucosa, level of the facial mucosa, and root convexity/soft 
tissue color and texture at the facial aspect of the implant site.  
2.6. Data analysis 
For description of the data mean values, standard deviations (SD) and frequencies were 
calculated. The primary outcome variable was the change of the peri-implant mucosa 
margin position. Student’s T-test were used to evaluate differences between the two 
treatment groups regarding changes in first bone to implant contact and subcrestal implant 
position between surgery and final crown delivery (radiographs), soft tissue changes 
(clinical), and PES. A binary logistic regression model, based on the case of (buccal 
mucosal recession > 1mm) from Day 7-10 to the 3-month follow-up examination was 
formulated in order to analyse possible interactions with mucosal thickness measurements, 




considered as statistically significant. All statistical analysis was done using IBM SPSS 




Chapter 3: Results 
3.1. Results comparing concave group and convex group 
A total of 28 patients fulfilled the inclusion criteria and were recruited for the study. One 
patient from group 1 (Convex group) dropped out of the study because he had to move out 
of the state. One patient in group number 2 was dropped out of the study after the implant 
had early failure 1 week after implant placement. No significant variation was noted 
between the 2 groups. The average age of the patients in the convex group was 59.08 ± 7.3 
years old, and the concave group average age was 54.62 ± 8.4 years old (Table 3.1). All 
patients had uneventful healing. 
Table 3.1. Descriptive statistics of the 2 groups. 
 Number of patients Age (years) First premolar site Second premolar Site 
Convex group 13 59.08 ± 7.3 8 5 
Concave Group 13 54.62 ± 8.4 8 5 
3.2. Guided implant placement and temporization 
On the day of surgery, patients received the implants, which were immediately temporized, 
using the custom abutment and the CAD-CAM temporary crown. 
All the measurements between the 2 groups were similar with no statistically significant 
differences between the two groups except for the lingual bone thickness, which was 
significantly thicker in the concave group 2.50 ± 1.12 in comparison with the convex group 

















on the buccal 
 


































3.58 ± 2.06** 
CVX: Convex; CNC: Concave; M: Mesial; D: Distal; B: Buccal; P: Palatal. 
* P = 0.025 Statistically significant difference 
** Mean ± standard deviation, in mm 
3.3. Final impression 
Three months after healing the patients returned to have the final impressions, and 
measurements were retaken. No abutments were exposed in the concave group. One 
abutment margin was exposed in the convex group; the shadow of abutment was showing 
through at the mid-buccal (Fig.3.1). Peri-implant margin at the mid-buccal showed a more 
apical position than what was measured after implant placement (Loss of attachment); 
however, it was not statistically significant.  
Peri-implant margin at the Disto-buccal and Mesio-buccal showed more coronal position 
than what was measured after implant placement (gain of attachment); however, it was not 
statistically significant. No statistically significant differences were found between the 





Figure 3.1. Slightly exposed Abutment margin. 









































3.67 ± 1.92* 0.00 
CVX: Convex; CNC: Concave; PD: Probing depth; BOP: Bleeding on probing; ∆d = d2–d1: 
Difference in recession between 2 months (Final impression) and surgery; DB: Disto-buccal; MB: 
Mesio-buccal; P: Palatal. 




3.4. Final Crown delivery 
Final E-max crown was delivered to all patients, and measurements were taken. No 
statistically significant differences were noted between the 2 groups. However, the convex 
group showed more apical peri-implant mucosa margin by 0.26 mm in comparison to the 
concave group (loss of attachment). Peri-implant margin at the Disto-buccal and Mesio-
buccal showed more coronal position than what was measured after implant placement 
(gain of attachment); however, it was not statistically significant. 
Disto-buccal showed more coronal peri-implant mucosa margin by 0.43 mm in comparison 
to the concave group (gain of attachment). Mesio-buccal showed more coronal peri-
implant mucosa margin by 0.61 mm in comparison to the concave group (gain of 
attachment) (Table 3.4). 
Table 3.4. Descriptive statistics at 3 months after surgery (Final crown delivery). 
 PD BOP 
% of 
site 
























































































PD: Probing depth; BOP: Bleeding on probing; PI: Plaque index; ∆d = d3–d2: Difference in recession between 3 
months (Final crown delivery) and 2 months (Final impression); ∆d = d3–d1 Difference in recession between 3 
months (Final crown delivery) and surgery; KM on B: Keratinized mucosa on the buccal; EAM: Exposed abutment 
margin; DB: Disto-buccal; MB: Mesio-buccal; P: Palatal. 




3.5. Frequency distribution for the buccal and interproximal mucosal changes 
3.5.1. Frequency distribution for the buccal mucosal changes 
Frequency distribution of the buccal mucosal changes shows that 76% of the implants had 
1 mm recession at the midbuccal in the Concave group. The convex group showed 61% of 
the implants had 1 mm recession (Figure 3.2 and Figure 3.3) 
 
Figure 3.2. Frequency Distribution of Buccal Mucosa changes from surgery to three 





Group 1 Convex 





Figure 3.3. Frequency Distribution of Buccal Mucosa changes from surgery to three 
months for the concave group 
 
3.5.2. Frequency distribution for the interproximal mucosal changes 
Frequency distribution of the interproximal mucosal changes shows that 37% of the 
implants had 1.00 - 2.00 mm recession at the interproximal area in the concave group. The 
convex group showed 50% of the implants had 0.00 - 2.00 mm recession at the 








Group 2 Concave 





Figure 3.4. Frequency Distribution of Interproximal Mucosa changes from Surgery to 
three months for the convex group 
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Figure 3.5. Frequency Distribution of Interproximal Mucosa changes from Surgery to 

















3.6. Radiographic findings 
Periapcial (PA) and Bitewing (BW) Radiographs were taken at the screening visit, implant 
placement, final impression, and at the final crown delivery. Changes in first bone to 
implant contact and changes in radiographic subcrestal position between the day of surgery 
and the final crown delivery were measured using ImageJ software. No statistically 
significant differences were noted between the 2 groups (Table 3.5). 
Table 3.5. Radiographic bone level changes between implant Surgery and 3 months after 
(final crown delivery). 
 Changes in first bone to implant contact 
between 3 months and surgery 
(Mean ± standard deviation, in mm) 
Changes in radiographic subcrestal 
position between 3 months and surgery 
(Mean ± standard deviation, in mm) 
Convex group 0.00 ± 0.00 -0.41 ± 0.36 
Concave Group -0.07 ± 0.24 -0.24 ± 0.26 
3.7. Soft tissue results 
Modified pink esthetic score (PES) was similar between the 2 groups with no major 
differences noted between them. 
Mesial Papilla level (Jemt Index) was similar between the 2 groups with no major 
differences noted between them. Distal Papilla level (Jemt Index) was similar between the 





Table 3.6. Soft tissue measurements; Modified PES and Papilla level. 
 Modified PES* Mesial papilla level Distal papilla level 
Convex group 6.45 ± 2.33** 2.00 ± 1.00** 1.00 ± 1.64** 
Concave Group 6.05 ± 2.32** 2.00 ± 1.15** 2.00 ± 1.70** 
* Modified PES: Modified Pink Esthetic Score 
**Mean ± standard deviation, in mm 
3.8. Multivariate analysis 
Direct logistic regression analysis was performed to assess the impact of a number of 
factors on the likelihood that buccal mucosa recession ≥1mm will occur from the time of 
surgery to the 3-month follow-up examination (final restoration). The model contained four 
variables (abutment macro-design, mucosa thickness, buccal plate thickness, buccal 
subcrestal position. 
One of the independent variables made a statistically significant contribution to the model 
(buccal plate thickness) with an odds ratio of 0.20 (Table 3.7). 
Table 3.7. Binary logistic regression model. 
 B S. E Wald Df P Odd 
Ratio 





1.732 1.331 1.692 1 0.193 5.65 0.42 76.72 
Mucosa 
thickness 
-0.371 0.758 0.240 1 0.624 0.67 0.16 3.05 
Buccal Plate 
thickness 




1.533 0.967 2.516 1 0.113 4.63 0.69 30.82 




Chapter 4: Discussion 
In the present study we have shown that there was no statistically significant difference 
between abutments with a convex macro-design and abutments with a concave macro-
design at three months following implant placement with regards to dimensional changes 
of peri-implant tissue. However, the results show a slightly more favorable outcome 
relating to mid-buccal mucosal recession for implants restored with a concave CAD-CAM 
abutment than for those restored with a convex one. However, the difference of 0.26 
millimeter (mm) between the two different abutments was not statistically significant. 
To the best of our knowledge, no previous research compared the effects of abutments with 
different macro-design in implants placed and restored utilizing the “one-abutment one-
time” concept. Other studies in which the respective effects of various abutment macro-
designs are considered either do not follow the one-abutment one-time concept, rely on 
implants without platform switching,80 and/or compared abutments with designs that 
differed from those used in the present study.76 For example, Patil et al. compared the 
marginal bone loss and soft-tissue level in abutments with a curved configuration with 
those with a straight configuration. The results of that study showed no statistically 
significant difference in regard to marginal bone loss or soft-tissue level between these two 
kinds of designs.80 Similarly, Finelle et al. did not find a statistically significant difference 
between two kinds of healing abutments (flared vs. straight) on marginal peri-implant soft 
tissues and crestal bone.76 Again, the abutments used in that study differ from those used 




Patil et al. However, in that study, the authors used non-platform-switched implants and 
abutments with configurations that differ from those used in the present study.  
It should be noted that the results of the present study are in contrast with the result of an 
in vitro study by Sancho-Puchades et al. In that study, the concave abutments had a 
significantly higher percentage of excess cement than did the convex abutments.66 Excess 
cement usually causes gingival inflammation and subsequently results in increased PD 
measurements and a higher percentage of BOP than would be the case when less excess 
cement is present. However, the results of our study showed no statistically significant 
differences between the two groups in regard to either BOP or PD measurements. 
The results of the direct logistic regression analysis in the present study showed a 
statistically significant correlation between buccal plate thickness and buccal mucosa 
recession (≥1mm) between the time of implant placement and the three-month follow-up 
examination (final restoration) with an odds ratio (OR) of 0.20. This result is in agreement 
with results reported by Spray et al. In evaluating the influence of buccal bone thickness 
on facial marginal bone response between first- and second-stage surgery, Spray et al. 
found that increased buccal plate thickness is significantly associated with less marginal 
bone loss at the time of second-stage surgery.81 
The following factors were also evaluated in the direct logistic regression analysis; 
abutment macro-design, mucosal thickness, and buccal subcrestal position. However, none 




The results of the current study are in agreement with the results of a study by Linkevicius 
et al. in which the effect of vertical peri-implant soft tissue thickness on crestal bone loss 
is evaluated in platform-switched implants. The results of that study showed statistically 
less marginal bone loss in implants placed in thick soft tissue (more than 2 mm) than in 
thinner soft tissue (2 mm or less)82. In the present study, the peri-implant mucosal thickness 
in both groups was more than 2 mm. Thus, the favorable results reported in the present 
study can be explained by the fact that all the implants were placed in a thick tissue biotype. 
One of the limitations of the present study is the relatively short follow-up period whereby 
the patients were followed for a period of only three months after implant placement, with 
the last visit taking place at the time of the final implant crown delivery. A longer follow-
up period is required to properly evaluate the differences between the two groups. Patients 
in the present study will return for a one-year and then a three-year follow-up, which will 
enable us to have a better understanding of the long-term influence of the abutment macro-
design on the dimensions of peri-implant tissue.  
The results of this study should be interpreted with caution, as it was performed on single 
implants to replace one missing upper premolar tooth. Therefore, caution should be 
exercised when extrapolating the findings of this study to immediate implants, adjacent 
implants, non-platform-switched implants, etc. 
Chapter 5: Conclusions 





1. There is no statistically significant difference between abutments with a convex macro-
design versus abutments with a concave macro-design in regard to peri-implant mucosa 
dimensional changes at three months following implant placement. 
2. Concave abutments showed less mid-buccal peri-implant mucosal recession in 
comparison to convex abutments, although the difference of 0.26 mm is not statistically 
significant. 
3. Direct logistic regression analysis showed that buccal plate thickness is the only factor 

















Appendix A:  
Raw Data for descriptive measurements. 
Patient number Group (1: Convex; 2: Concave) Implant Site Age Gender (Female; M: Male) 
1 1 13 66 F 
2 1 4 60 F 
3 1 12 65 F 
4 1 13 71 F 
5 1 12 63 M 
6 1 12 57 F 
7 1 12 51 F 
8 1 4 52 F 
9 1 12 46 F 
10 1 5 50 M 
11 1 12 65 F 
12 1 4 61 F 
13 1 12 61 F 
14 2 5 36 M 
15 2 4 54 M 
16 2 5 57 M 
17 2 12 50 M 
18 2 13 57 F 









20 2 13 61 F 
21 2 13 61 F 
22 2 4 50 F 
23 2 5 63 M 
24 2 5 46 M 
25 2 12 58 F 
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M D B P DB Mid-
B 
MB 
1 1 2 1.5 0.5 2 2 2 1.5 4 6 5 2 
2 1 3 1 2 2 1 1 1 4 8 4 1 
3 1 3 3 1 2 2 2 1 7 7 7 4 
4 1 4 0.5 3 1.5 1 1 1 9 9 9 3 
5 1 2 2 2 3 2 1.5 2 9 9 8 3 
6 1 3 1 1 3 3 1.5 1 6 9 6 2 
7 1 3 1 1 3 3 1 1 9 10 9 3 
8 1 3 4 3 3 3 2.5 1 8 9 9 3 
9 1 3 1 1 3 4 2 2 8 9 9 3 
10 1 2 2 2 3 3 2 2 6 9 9 3 
11 1 3 3 1 3 1 2 1 8 9 8 3 
12 1 3 2 2 2 2 1.5 0.5 5 5 5 1.5 
13 1 2 2 1 2 2 2 0 7 9 9 3 
14 2 5 2 1.5 3 2 3 1 7 10 8 9 
15 2 4 3.5 5 3 3 3 2 5 6 5 2 
16 2 2 2 3 1 2 1 1 5 7 6 4 





18 2 3 3 3 2 2 2 2 4 6 5 2 
19 2 4 3 2 5 3 1.5 2 4 5 6 4 
20 2 1 2 1 1 1 1 1 7 9 9 3 
21 2 2 3 2 3 3 2 2 9 9 9 3 
22 2 3 2 3 2 2 1 2 7 8 8 2 
23 2 3 3 2 3 3 2 2 7 9 7 3 
24 2 3 3 3 2 2 1.5 1 9 11 9 6 
25 2 3 2 2 3 4 2 2 9 9 8 3 






Appendix C:   






Probing depth (PD) 
measurement 
Stent measurement on 
the buccal 









DB Mid-B MB DB Mid-B MB DB Mid-B MB 
1 1 2 1 2 5 7 7 0 0 0 2 0 
2 1 4 2 2 5 9 5 1 0 0 1 0 
3 1 3 1 2 5 7 6 0 0 0 3 0 
4 1 1 1 2 8 11 8 0 0 0 2 0 
5 1 3 1 2 10 10 8 1 0 0 3 0 
6 1 2 2 3 5 9 5 0 0 1 3 0 
7 1 3 1 3 8 11 8 0 0 0 2 1 
8 1 2 2 3 7 9 7 0 0 1 4 0 
9 1 3 2 2 8 10 10 0 0 0 4 0 
10 1 3 2 3 6 10 8 0 0 0 3 0 
11 1 2 2 2 8 10 8 0 0 0 4 0 
12 1 3 3 3 5 6 5 0 0 0 1 0 
13 1 4 4 3 8 9 9 1 1 1 3 0 
14 2 3 3 3 10 11 8 0 0 0 9 0 
15 2 3 3 4 4 7 5 1 0 0 2 0 
16 2 2 1 2 4 8 6 0 0 0 4 0 





18 2 3 3 3 4 7 4 0 0 0 3 0 
19 2 3 2 4 3 4 4 0 0 1 4 0 
20 2 4 4 3 7 10 8 0 1 0 3 0 
21 2 3 2 3 9 10 9 0 0 0 3 0 
22 2 3 1 3 6 7 6 0 0 0 3 0 
23 2 2 2 3 8 10 5 0 0 1 4 0 
24 2 3 2 3 8 10 8 1 0 0 5 0 
25 2 3 2 3 8 10 7 0 0 0 2 0 











Appendix D:  
Clinical measurements at the impression visit on the palatal (Raw data) 






Probing depth (PD) 
measurement 
Stent measurement on the palatal Bleeding on Probing (BOP) 
DP Mid-P MP DP Mid-P MP DP Mid-P MP 
1 1 2 2 2 5 5 5 0 0 0 
2 1 4 2 2 7 8 7 1 0 0 
3 1 3 2 3 6 7 6 1 0 0 
4 1 3 1 3 9 9 8 0 0 1 
5 1 4 2 3 9 9 7 1 0 0 
6 1 3 2 3 7 8 6 1 0 0 
7 1 5 2 2 7 8 8 0 0 0 
8 1 2 2 3 6 8 6 0 0 0 
9 1 2 2 3 9 9 8 0 0 0 
10 1 4 2 4 5 6 5 0 0 0 
11 1 4 3 3 6 7 6 0 0 0 
12 1 3 3 3 5 6 5 0 0 0 
13 1 3 2 3 8 8 7 0 0 0 
14 2 4 4 4 5 7 5 0 0 0 
15 2 5 2 2 5 7 5 0 0 0 





17 2 2 2 3 3 3 3 0 0 0 
18 2 3 3 3 6 6 5 0 0 0 
19 2 3 2 3 5 6 5 1 0 0 
20 2 3 2 2 9 9 8 0 0 1 
21 2 3 2 2 9 9 8 0 0 0 
22 2 3 2 4 6 7 6 0 0 0 
23 2 4 2 3 7 9 7 0 0 0 
24 2 3 2 3 7 7 6 1 0 0 
25 2 3 2 3 5 7 5 1 0 1 
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1 1 0 0 0 0 2 1 2 5 7 7 0 0 0 3 0 
2 1 1 0 0 0 3 3 3 5 9 5 0 1 0 2 0 
3 1 0 1 0 0 4 2 3 5 7 6 0 0 0 3 0 
4 1 0 0 0 0 4 2 4 8 11 8 1 0 1 2 0 
5 1 1 1 0 0 3 1 2 10 10 8 0 0 0 3 0 
6 1 0 0 0 0 2 2 3 5 9 5 0 0 1 3 0 
7 1 0 0 0 0 4 2 3 8 11 8 0 0 0 3 1 
8 1 0 0 0 0 2 2 3 7 9 7 0 0 1 4 0 
9 1 0 0 0 0 2 1 2 8 10 10 0 0 1 4 0 
10 1 0 0 0 0 3 2 4 6 10 8 0 0 1 3 0 
11 1 0 1 0 0 3 1 3 9 10 8 0 0 0 2 0 
12 1 0 0 0 0 3 3 3 4 6 4 0 0 0 2 0 
13 1 0 0 0 0 4 3 3 8 9 9 0 1 0 3 0 
14 2 0 0 0 0 2 1 2 9 11 8 0 0 0 8 0 
15 2 0 0 0 0 4 3 3 4 7 5 0 0 1 3 0 





17 2 0 0 0 0 2 3 3 3 3 3 0 0 1 3 0 
18 2 1 1 0 0 3 3 3 4 7 4 1 0 1 3 0 
19 2 0 0 0 0 4 2 4 3 4 4 0 0 0 4 0 
20 2 0 0 0 0 5 3 4 6 10 7 1 0 1 3 0 
21 2 0 0 0 0 3 2 3 9 10 9 0 0 0 3 0 
22 2 1 0 0 0 3 2 3 6 8 6 0 0 0 2 0 
23 2 1 0 0 0 3 2 4 8 10 5 0 0 0 5 0 
24 2 0 0 0 0 3 2 3 7 9 8 0 0 0 5 0 
25 2 0 0 0 0 3 2 3 7 10 7 1 0 0 2 0 






Appendix F:  






Probing depth (PD) measurement Stent measurement on the palatal Bleeding on Probing (BOP) 
DP Mid-P MP DP Mid-P MP DP Mid-P MP 
1 1 2 2 3 5 5 5 0 0 0 
2 1 4 2 3 7 8 7 0 0 0 
3 1 3 2 4 6 7 6 0 0 0 
4 1 3 2 3 8 9 8 1 0 1 
5 1 3 2 3 9 9 7 0 0 0 
6 1 2 2 3 7 8 6 1 0 0 
7 1 3 2 4 7 8 7 0 0 0 
8 1 2 2 3 6 8 6 0 0 0 
9 1 2 2 2 9 9 8 0 0 0 
10 1 6 2 4 5 7 5 0 0 1 
11 1 3 2 4 6 7 6 0 0 0 
12 1 3 3 3 5 6 5 0 0 0 
13 1 3 2 3 8 8 7 0 0 0 
14 2 4 3 3 5 7 5 0 0 0 
15 2 4 2 4 6 7 6 0 0 0 
16 2 2 1 2 11 11 11 0 0 0 





18 2 3 3 3 6 6 5 0 0 1 
19 2 6 3 4 5 6 5 0 0 0 
20 2 3 2 2 9 9 7 0 0 0 
21 2 2 2 2 9 9 8 0 0 0 
22 2 3 2 4 6 6 5 0 0 0 
23 2 3 2 6 7 9 7 0 0 1 
24 2 3 3 3 7 7 6 0 0 1 
25 2 2 2 2 5 7 5 0 0 0 
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1 1 13 3 1 1 
2 1 4 8 1 2 
3 1 12 10 3 3 
4 1 13 9 3 2 
5 1 12 6 3 2 
6 1 12 7 3 2 
7 1 12 6 2 1 
8 1 4 9 3 2 
9 1 12 4 1 1 
10 1 5 4 1 1 
11 1 12 5 1 1 
14 2 5 9 3 2 
15 2 4 3 0 0 
16 2 5 6 2 2 
17 2 12 0 0 0 
18 2 13 9 3 3 





20 2 13 5 1 1 
21 2 13 4 1 0 
22 2 4 5 1 1 
23 2 5 6 3 2 
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Radiographic Bone to first implant 
contact 
Radiographic subcrestal position 
At surgery day At 3 months At surgery day At 3 months 
Mesial Distal Mesial Distal Mesial Distal Mesial Distal 
1 1 0 0 0 0 1.81 2.5 0.76 1.09 
2 1 0 0 0 0 1.81 1.26 0.96 0.66 
3 1 0 0 0 0 0.75 1.03 1.04 0.94 
4 1 0 0 0 0 1.51 1.35 1.51 1.08 
5 1 0 0 0 0 1.22 1.08 1.2 0.8 
6 1 0 0 0 0 1.26 1.44 0.88 0.66 
7 1 0 0 0 0 2.32 1.89 2.04 1.71 
8 1 0 0 0 0 1.53 1.07 1.1 0.91 
9 1 0 0 0 0 1.12 2 0.85 1.38 
10 1 0 0 0 0 1.2 0.96 0.76 0.72 
11 1 0 0 0 0 1.2 1.01 1.15 0.83 
12 1 0 0 0 0 0.67 1.17 0 0 
13 1 0 0 0 0 0.7 0.7 0.6 0.3 
14 2 0 0 0 0 2.31 2.14 2.31 2.14 
15 2 0 0 0 0 2.16 1.4 2.16 1.4 
16 2 0 0 0 0 1.3 1.45 0.89 1.15 












18 2 0 0 0 0 1.35 1.47 1.35 1.47 
19 2 0 0 0 0 1.46 2.08 1.46 1.98 
20 2 0 0 0 0 0.58 0.78 0.58 0.51 
21 2 0 0 0 0 2.12 1.91 1.46 1.29 
22 2 0 0 0 0 1.18 1.1 1.18 0.89 
23 2 0 0 0 0 1.68 1.65 1.4 1.4 
24 2 0 0 0 0 1.47 1.44 0.94 1.44 
25 2 0 0 0 0 1.5 1.26 1.1 1.13 






List of Products and Materials used in the study 
Ankylos Implants Dentsply Implants Manufacturing GmbH, Elm, 
Germany 
Ankylos Surgical kit ExpertEase 
(Guided Surgery) 
Dentsply Implants Manufacturing GmbH, Elm, 
Germany 
Atlantis abutments Dentsply Implants Manufacturing GmbH, Elm, 
Germany 
Simplant Safe Guide Dentsply Implants Manufacturing GmbH, Elm, 
Germany 
Simplant planning software Dentsply Implants Manufacturing GmbH, Elm, 
Germany 
Virtual Atlantis Design software Dentsply Implants Manufacturing GmbH, Elm, 
Germany 
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